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ABSTRACT 


Stabilization  of  soils  in  place  with  asphalt  is  currently  being 
practiced  by  many  agencies  involved  in  modern  highway  construction. 

\ 

The  problem  of  whether  to  aerate  the  mixture  before  compaction  or  not 
has  been  a  valid  one  with  authorities  presenting  arguments  both  for  and 
against  such  practice.  Also  the  length  of  time  that  the  compacted 
mixture  should  be  left  to  cure  has  varied  in  practice  from  a  few  days 
up  to  periods  of  thirty  days  with  proponents  for  both. 

In  this  investigation  a  uniformly  graded  fine-grained  sand  was 
mixed  with  three  different  percentages  of  a  medium  curing  liquid  asphalt 
at  various  water  contents.  Some  mixtures  were  molded  immediately  after 
the  mixing  operation  and  others  were  allowed  to  aerate  for  from  two  to 
five  hours  at  a  temperature  of  110°F  before  being  molded.  Curing  periods 
after  molding  of  one,  three  and  five  days  at  a  temperature  of  110°F  were 
used  and  results  compared.  Cured  samples  were  immersed  in  water  for 
periods  up  to  twenty-one  days.  Water  absorption  characteristics  were 
determined  together  with  immersed  compressive  strengths. 

Aeration  of  the  mixtures  prior  to  compaction  proved  to  be  beneficial 
as  measured  by  increased  compressive  strength  after  water  immersion  and 
decreased  water  absorption. 

Curing  for  longer  periods  was  highly  beneficial  for  the  aerated 
mixtures  in  terms  of  increased  immersed  compressive  strength  and  lower 
water  absorption.  Although  curing  improved  the  immersed  compressive 
strength  of  samples  compacted  immediately  after  mixing,  no  trend  was 
estabiisned  as  far  as  decreased  water  absorption  was  concerned. 
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CHAPTER  I 


INTRODUCTION 


Dwindling  supplies  of  suitable  granular  material  for  highway 
construction  are  increasing  the  need  for  attempting  to  modify  the 
soil  in  place.  Many  soils  if  compacted  at  optimum  moisture  content 
will  provide  good  load  carrying  capacity  which  unfortunately  may  be 
lost  by  subsequent  absorption  of  moisture.  In  order  to  reduce  in¬ 
filtration  of  water  with  subsequent  loss  in  strength  of  such  soils 
they  may  sometimes  be  stabilized  with  asphalt.  Soil-asphalt 
stabilization  may  be  defined  as  the  treatment  of  naturally  occurring 
non-plastic  or  plastic  soil  materials  with  liquid  asphalts  at 
ordinary  temperatures  which  after  compaction  will  provide  waterproof 
base  or  subbase  courses  of  adequate  load  bearing  qualities. 

Two  types  of  liquid  asphalts  namely  cutback  asphalt  and  emulsi¬ 
fied  asphalt,  have  been  found  to  be  suitable  for  mixing  with  soil  at 
normal  temperatures.  The  choice  of  amount  and  type  of  petroleum 
diluent  in  the  cutback  asphalt  or  the  type  and  amount  of  emulsifying 
agent  in  the  emulsified  asphalt  will  depend  largely  upon  the  soil 
type,  climate  and  construction  practice  to  be  followed.  Regardless 
of  the  choice  of  liquid  asphalt,  one  of  the  more  pressing  problems  in 
the  construction  of  such  stabilized  bases  and  subbases  is  a  clear 
understanding  of  the  role  that  water  plays  both  before  and  after 
compaction.  Since  current  construction  practice  covers  a  wide  range 
of  compacting  water  contents  and  curing  periods,  and  laboratory 
studies  give  conflicting  results  (^’ennell  (1962))*  it  is  considered 

*  References  are  cited  by  indicating  the  author  and  the  year  of  pub¬ 
lication.  The  references  are  contained  in  the  bibliography  at  the 
conclusion  of  this  thesis. 
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that  further  investigation  of  this  aspect  is  warranted. 

Purpose  of  the  Investigation 

The  purpose  of  this  investigation  was  to  undertake  a  laboratory 
testing  programme  to  study  the  effect  of  water  content  on  the  com¬ 
pressive  strength,  dry  density,  and  durability  of  cutback  asphalt 
stabilized  sand. 

Due  to  the  large  number  of  factors  which  influence  the  strength 
and  durability  of  soil  bituminous  mixtures  any  single  investigation 
must  necessarily  restrict  the  number  of  variables  as  much  as  possible. 
Therefore  in  this  investigation  only  one  type  of  sand  and  cutback 
asphalt  was  used.  Also  one  method  of  mixing,  compacting  and  curing 
was  maintained  throughout  the  testing  programme. 

The  unconfined  compression  test  was  used  to  measure  the  strength 
of  samples  after  curing  and  after  immersion  in  water  for  various 
periods.  This  test  was  chosen  for  its  simplicity  and  on  the  basis 
of  Jones  (1962)  recommendation  that  such  tests  gave  a  satisfactory 
indication  of  durability. 

Organization  of  the  Thesis 

The  second  chapter  briefly  outlines  current  theory  on  the  role 
of  cutback  asphalt  and  water  in  sand  stabilization.  Favoured  methods 
of  evaluating  durability  are  mentioned. 

Chapter  three  describes  the  materials  and  outlines  the  scope  of 
the  test  programme. 

In  the  fourth  chapter  the  various  methods  of  preparing  the  test 
specimens  are  described  as  well  as  strength  and  immersion  test  pro¬ 
cedures.  In  addition  a  brief  resume  of  the  analysis  of  the  data  is 


presented . 
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Chapter  five  includes  the  test  results  and  discussion  of  their 
s ignif icance . 

The  final  chapter  presents  the  conclusions  and  recommendations 

i  -  "j 

made  from  the  results  of  the  test  programme. 

The  appendices  contain  preliminary  test  results,  sample  data 
and  calculation  sheets  and  results  of  the  main  testing  programme  not 
considered  of  sufficient  significance  to  be  included  in  the  main 
body  of  the  thesis. 


CHAPTER  II 


SARD  ASPHALT  STABILIZATION 


The  Stabilization  Process 

The  theories  advanced  by  Endersby  (1942)  explaining  the  role  of 
the  asphalt  in  the  stabilization  of  soils  still  appear  to  be  accept¬ 
able  in  the  light  of  present  knowledge.  The  so-called  "plug"  theory 
implies  that  the  capillaries  in  the  soil  structure  are  plugged  with 
asphalt  thus  preventing  movement  of  water  into  or  out  of  the  system. 
Under  the  "intimate  mix"  theory,  individual  soil  particles  are  pre- 
sumeably  coated  with  a  thin  film  of  asphalt  which  also  effectively, 
prevents  movement  of  water  through  the  soil  structure. 

In  order  to  stabilize  a  cohesionless  soil  two  requirements  must 
normally  be  filled.  The  soil  structure  must  be  provided  with  cohesion 
for  strength  and  water  resistance  for  stability.  The  degree  to  which 
these  conditions  are  met  will  depend  upon  many  variables  such  as:  the 
amount  of  water  present  during  mixing;  the  temperature,  duration  and 
type  of  mixing  process;  the  properties  of  the  soil;  the  properties  of 
the  bituminous  stabilizer;  the  amount  of  water  present  during  compact¬ 
ion;  the  method  and  degree  of  compaction  and  curing. 

The  Role  of  the  Water 

The  importance  of  having  sufficient  water  in  the  mix  for  a  good 
distribution  of  asphalt  has  been  known  for  many  years.  Work  by  Benson 
and  Becker  (1942),  Cape  (1940)  and  others  showed  that  water  facilitated 
the  even  distribution  of  the  asphalt  throughout  the  mix.  Andrews  and 
Noble  (1949)  found  that  the  addition  of  water  to  soil  decreased  the 


' 


5 

contact  angle  between  the  asphalt  and  the  soil  thus  permitting  better 
spreading  of  the  asphalt  throughout  the  mix. 

In  addition  to  aiding  in  the  uniform  distribution  of  asphalt 
throughout  the  mix,  water  assists  in  the  compaction  process.  Katti,et 
al  (i960)  reported  that  soil-asphalt  mixtures  were  usually  more  stable 
when  compacted  immediately  after  mixing.  However  the  amount  of  mixing 
water  for  maximum  dispersion  of  asphalt  did  not  produce  the  most 
desirable  stability  properties  of  the  compacted  mixture.  The  percent¬ 
age  of  mixing  water  required  to  produce  maximum  strength,  maximum 
density,  minimum  total  moisture  absorption,  and  minimum  expansion  in 
the  compacted  specimens  was  found  to  be  different  for  each  property 
mentioned.  Katti  suggested  the  selection  of  a  compromise  moisture 
content  for  mixing  at  which  the  variance  of  each  of  the  properties 
from  the  optimum  value  was  a  minimum.  This  compromise  moisture  con¬ 
tent  was  found  to  be  in  close  agreement  with  the  optimum  moisture  con¬ 
tent  required  for  maximum  dry  density  of  the  soil-asphalt-water  mixture. 
Work  done  by  Knowles  (1962)  indicated  that  minimum  water  absorption 
occurred  at  a  molding  water  content  close  to  the  optimum  for  Standard 
AASHO  dry  density.  However  the  relationship  between  maximum  dry  density 
and  maximum  strength  was  inconclusive. 

Herrin  (1958)  found  when  comparing  the  stability  of  soil  bitumin¬ 
ous  mixtures  with  unit  weight,  that  large  amounts  of  water  and  volati¬ 
les  in  the  mixture  increased  the  dry  density  but  decreased  the  stabil¬ 
ity.  The  drier  mixtures  were  found  to  provide  better  stability  even 
though  the  dry  density  was  lowered. 
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Influence  of  the  Mixing  Operation 

The  fact  that  the  mixing  operation  influences  the  properties  of 
the  resultant  soil  bituminous  product  has  been  known  for  many  years. 
Benson  and  Becker  (1942)  and  Endersby  (1942)  observed  that  there  app¬ 
eared  to  be  an  optimum  mixing  time  for  any  one  soil,  asphalt  and  water 
content.  This  optimum  appeared  to  be  from  one  to  two  minutes.  Mixing 
times  of  lesser  duration  than  the  optimum  merely  distributed  the 
asphalt  throughout  the  mixture  in  large  masses  having  little  water 
proofing  value.  Mixing  times  of  longer  duration  were  found  to  cause 
predominantly  intimate  mix  conditions  in  which  the  groups  of  soil  par¬ 
ticles  were  further  broken  down  and  the  asphalt  became  distributed  too 
thinly  for  good  water  proofing.  However  the  type  of  mixer  used  also 
affected  the  stability  of  the  resultant  mix.  The  pugmill  type  mixer 
showed  a  definite  optimum  mixing  time  for  any  one  mixture.  The 
kitchen  type  mixer  did  not  produce  the  same  results  but  appeared  to 
increase  the  stability  of  the  final  product  with  longer  mixing 
periods.  The  amount  of  asphalt  in  the  mixture  did  not  materially  aff¬ 
ect  the  optimum  mixing  time  found  with  pugmill  type  mixing.  Mixing 
water  content  affected  the  optimum  mixing  time  to  a  much  greater  ex¬ 
tent.  At  higher  water  contents  the  curve  of  stability  versus  mixing 
time  is  relatively  flat  over  a  range  of  mixing  times  from  \  to  2  min¬ 
utes.  At  lower  mixing  water  contents  this  curve  shows  a  fairly  sharp 
peak  at  an  optimum  mixing  time  of  about  one  minute.  From  the  mixing 
time  control  standpoint  therefore  it  would  appear  to  be  good  practice 
to  mix  at  higher  water  contents . 

There  are  so  many  variables  that  affect  the  mixing  operation  that 
for  any  laboratory  testing  programme  as  many  as  possible  must  be  made 
constant.  In  this  investigation  the  water  and  sand  were  mixed  prior 
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to  the  addition  of  the  MC3  cutback  asphalt.  Total  mixing  time  for  the 
cutback-sand -water  mix  was  2\  minutes  and  a  twin  shaft  pugmill  was 
used . 

Durability  and  Strength  of  Asphalt  Stabilized  Sand 

A  recent  investigation  completed  by  Jones  ( 1962 )  on  durability 
testing  of  bituminous  stabilized  sand  showed  that  the  most  severe  test 
of  the  durability  of  the  final  product  was  water  immersion.  His  ob¬ 
servation  that  the  unconfined  compressive  strength  of  the  specimen 
after  an  immersion  period  of  seven  days  could  be  used  as  an  indica¬ 
tion  of  its  durability  is  similar  to  findings  by  other  investigators. 
Rice  and  Goetz  (19I4.9)  attempted  to  correlate  the  compressive  strength 
of  specimens  after  immersion  in  distilled  water  at  110°F  for  five  days, 
with  Hubbard  -  Field  Stability.  As  a  result  of  this  latter  study  they 

concluded  that  a  suitable  mixture  would  be  one  having  a  compressive 

,  o 

strength  of  not  less  than  60  psi  after  five  days  immersion  at  110  F. 

This  corresponded  roughly  to  a  Hubbard  -  Field  Stability  value  of 

1000  lb  at  a  testing  temperature  of  77°F.  Knowles  ( 1962 )  found  that 

a  Modified  Hubbard  -  Field  Stability  value  of  1000  lb  corresponded  to 

an  unconfined  compressive  strength  value  of  between  10  and  15  psi. 

However  specimen  size,  testing  temperature  and  molded  dry  density 

were  not  the  same  as  used  by  Rice  so  no  direct  comparison  can  be  made. 

Also  the  period  of  immersion  of  specimens  allowed  by  Knowles  was  42 

o 

days  at  room  temperature  as  compared  to  5  days  at  110  F  used  by  Rice. 

Winterkorn  (1957)  suggested  that  the  unconfined  compressive 
strength  of  soil-bitumen  specimens  after  seven  days  immersion  in  dis¬ 
tilled  water  should  be  greater  than  75  psi  for  the  mixture  to  be  suit¬ 
able  for  base  construction.  If  several  mixtures  fulfill  this  require- 
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ment,  the  one  having  the  highest  ratio  between  wet  and  dry  compress¬ 
ive  strength  should  be  selected. 


CHAPTER  III 


THE  TESTING  PROGRAMME 


Materials 

Soil;  The  soil  used  was  a  fine  sand  obtained  from  the  Alberta 
Department  of  Highways  McGinn  Pit  No .2  which  is  located  about  20  miles 
west  of  Edmonton.  This  pit  was  selected  as  the  soil  source  because  of 
the  previous  work  done  by  Jones  (1962)  and  Pennell  (1962)  on  this  sand. 

The  batch  sample  was  quartered  and  split  for  sieve  analyses  by 
the  Department  of  Highways  and  stored  in  bags.  Sand  used  in  the  test¬ 
ing  programme  was  taken  directly  from  the  bags  without  further  mixing 
or  splitting.  The  gradation  of  the  sand  is  shown  in  Table  I.  The  re¬ 
latively  low  uniformity  coefficient  (Cu)  of  2.00  indicates  a  sand  that 
is  q.uite  uniformly  graded.  A  uniformity  coefficient  of  2.33  was  ob¬ 
tained  by  Jones  on  the  same  type  of  sand.  The  Standard  AASHO  maximum 
dry  density  and  optimum  water  content  were  determined  to  be  103*2 
pounds  per  cubic  foot  and  13*6  percent  respectively. 

The  average  water  content  of  the  bagged  sand  was  determined  to  be 
0.5  percent. 

Asphalt :  The  asphalt  used  in  this  investigation  was  a  medium  cur¬ 
ing  liquid  asphalt,  designated  MC3,  obtained  from  Husky  Oil  and  Refin¬ 
ing  Ltd.,  Lloydminster ,  Saskatchewan.  An  analysis  of  this  material  as 
supplied  by  the  manufacturer  is  shown  in  Table  II. 

Water :  Distilled  water  was  used  in  preparing  the  samples  whereas 
tap  water  was  used  to  fill  the  tanks  for  the  immersion  testing.  Temp¬ 
erature  of  the  fresh  tap  water  was  approximately  65°F  which  increased 
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TABLE  I 

SAM)  PROPERTIES 

Unified  Classification 

SP 

AASHO  Classification 

A-3 

Standard  AASHO  dry  density 

103.2  pcf 

Optimum  water  content  (Standard  AASHO) 

13-6# 

Specific  gravity 

2.66 

Uniformity  Coefficient  (Cu) 

2.00 

Grain  Size  Distribution 

US  Standard 

Sieve  Size 

Percent  Passing 

10 

100 

20 

100 

bO 

99-0 

6o 

69.5 

100 

19.1 

200 

2.7 

11 


TABLE  II 


ASPHALT  PROPERTIES 


Product 

MC3  Cutback  As; 

Specific  Gravity  at  60°F 

0.9826 

API  Gravity  at  60°F 

12  .5 

Flash  TOC 

150  /  F 

Water 

Nil  # 

Saybolt  Furol  Visosity  @  140°F 

409  seconds 

Distillation: 

°jo  of  Total 

of  Distillate 

Over  At 

Total  Over 

371*0!1 

437°F  0 

0 

500°F  2 

10.0 

600°F  14 

70.0 

680°F  20 

100.0 

Residue  to  680°F  volume  by  difference 

80.0 

Residue  :  Penetration  @  77°F  ( 100  grams.  5 

seconds)  173 

Oliensis  Spot  Test  (l 5$>  Xylene) 

Negative 

Soluble  in  Carbon  Tetrachloride 
Ductility  @  77°F  (5  cm.  per  minute) 


99.8  /  io 
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to  approximately  room  temperature  of  70  F  within  a  few  hours  after 

standi  rig  in  the  immersion  tanks. 

Scope  of  The  Testing  Programme 

Preliminary:  Some  preliminary  testing  was  undertaken  to  estab¬ 
lish  procedures  for  the  main  testing  programme.  Data  from  the  preli¬ 
minary  testing  is  included  in  Appendix  A. 

A  compaction  test  of  the  sand  was  carried  out  using  a  2  inch 
diameter  by  4  inch  high  cylindrical  mold.  The  compactive  effort  used 
was  as  determined  by  the  Research  Council  of  Alberta  as  giving  com¬ 
parable  results  to  Standard  AASHO.  This  procedure  consisted  of  com¬ 
pacting  in  4  layers  with  10  blows  per  layer  of  a  5*5  lb  rammer  fall¬ 
ing  a  height  of  12  inches.  The  compactive  effort  so  induced  is 
30,300  foot  pounds  per  cubic  foot  compared  to  49*500  foot  pounds  per 
cubic  foot  required  by  Jones  (1962)  for  the  2  inch  diameter  by  2  inch 
high  specimens.  Compactive  effort  using  a  4  inch  diameter  by  4.59 
inch  high  Standard  AASHO  mold  is  12,400  foot  pounds  per  cubic  foot. 

A  mix  of  5  percent  MC3  (by  weight  of  oven  dried  sand)  and  15 
percent  water  was  prepared  using  a  pugmill  mixer.  Twenty  four  speci¬ 
mens  were  molded  from  the  mix  immediately  after  mixing  using  the  mold 
and  compactive  effort  outlined  above.  These  specimens  were  cured  in 
a  constant  temperature  oven  at  110°F  for  periods  ranging  from  0  to 
170  hours  and  then  subjected  to  unconfined  compression  tests.  From 
the  graph  of  unconfined  compressive  strength  versus  curing  period, 
the  curing  times  of  24  hours,  72  hours  and  120  hours  were  selected 
for  the  main  testing  programme. 

The  mix  was  allowed  to  dry  in  the  bag*  for  one  day  at  room  temp¬ 
erature  of  70°F  and  then  eight  specimens  were  prepared  and  cured  at 

*  After  mixing,  the  cutback-sand-water  mixture  was  stored  in 
a  polyethylene  bag. 
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110°F  for  periods  up  to  189^  hours.  The  unconfined  compressive 
strengths  of  these  specimens  were  found  to  be  lower  than  those  that 
had  been  molded  immediately  after  mixing.  It  was  therefore  decided 
to  include  aerating  or  drying  back  in  the  main  testing  programme. 

Main  Programme  Outline:  The  major  portion  of  the  programme  con¬ 

sisted  of  measuring  the  water  absorption  and  unconfined  compressive 
strengths  of  specimens  cured  for  24 ,  72  and  120  hours  at  110°F  and 
immersed  in  water  up  to  21  days. 

Thirty  six  specimens  were  prepared  for  each  batch  of  four 
different  water  contents  and  MC3  contents  of  2  and  4  percent.  Three 
specimens  were  used  for  each  unconfined  compression  test  at  the 
various  curing  and  immersion  periods. 

In  addition,  twelve  specimens  were  prepared  at  a  water  content  of 
5  percent  and  MC3  content  of  2  percent  and  subjected  to  curing  periods 
of  2k  hours  and  120  hours  and  an  immersion  period  of  seven  days. 

Twelve  specimens  were  also  prepared  for  each  batch  of  four  diff¬ 
erent  water  contents  and  an  MC3  content  of  1  percent.  Curing  periods 
of  2k  hours  and  120  hours  duration  were  used  and  immersion  period  of 
seven  days . 

Batches  were  then  prepared  for  each  of  the  three  MC3  contents 
( 1,  ^  and  4  percent)  and  mixed  at  the  highest  water  content  used  pre¬ 
viously.  The  mixes  were  dried-back  (aerated)  for  2  and  5  hour  periods 
at  110°F  after  which  times  twelve  specimens  were  molded  and  subjected 
to  curing  periods  of  24  and  120  hours  and  an  immersion  period  of  seven 
days.  Unconfined  compression  tests  were  conducted  as  on  the  previous 
specimens.  An  outline  of  the  test  programme  is  given  in  Table  III. 


. 
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TABLE  III 

TEST  PROGRAMME  OUTLINE 


Batch 

Mixing 

Aera  t ion 

Curing 

Immers ion 

Comp . 

Tota  1 

No. 

MC3 

Water 

Period 

Period 

Period 

Strength 

Samples 

f 

hrs 

hrs 

days 

Samples 

1 

5 

15 

0 

up  to 

0 

24 

24 

170 

la 

5 

15 

24 

up  to 

0 

8 

8 

190 

2 

4 

15 

0 

24 

0,7,14,21 

12 

72 

ff 

11 

120 

It 

tt 

36 

3 

4 

13 

0 

24 

0,7,14,21 

12 

72 

II 

It 

120 

tt 

ft 

36 

4 

4 

11 

0 

24 

0,7,14,21 

12 

72 

II 

It 

120 

II 

It 

5 

4 

9 

0 

24 

0,7,14,21 

12 

72 

II 

n 

120. 

tt 

it 

36 

6 

2 

10 

0 

24 

0,7,14,21 

12 

72 

It 

tl 

120 

II 

If 

36 

7 

2 

12 

0 

24 

0,7,14,21 

12 

72 

tl 

11 

120 

It 

11 

36 

8 

2 

14 

0 

24 

0,7,14,21 

12 

72 

11 

II 

120 

It 

It 

36 

9 

2 

16 

0 

24 

0,7,14,21 

12 

72 

It 

If 

120 

II 

11 

36 

10 

2 

5§ 

0 

24 

0  and  7 

6 

120 

It 

it 

12 

11 

1 

5 

0 

24 

0  and  7 

6 

120 

tt 

it 

12 

12 

1 

10 

0 

24 

0  and  7 

6 

120 

11 

it 

12 

13 

1 

15 

0 

24 

0  and  7 

6 

120 

11 

it 

12 

14 

1 

18 

0 

24 

0  and  7 

6 

120 

It 

it 

12 

15 

2 

16 

2 

24 

0  and  7 

6 

120 

It 

it 

5 

24 

II 

it 

120 

11 

it 

24 

■ 
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TABLE  III  (continued) 


Batch 

Mixing 

Aeration 

Curing 

Immersion 

Comp. 

Total 

No. 

MC3 

Water 

Period 

Period 

Period 

Strength 

Sampled 

JL 

ft 

hrs 

hrs 

days 

Samples 

16 

1 

18 

2 

24 

0  and  7 

6 

120 

IT 

ti 

5 

2k 

tt 

i» 

120 

n 

It 

2k 

17 

4 

15 

2 

2k 

0  and  7 

6 

120 

it 

ft 

2k 

»» 

tt 

120 

Tt 

tt 

24 

Total 

test  samples 

452 

The  optimum  water  content  of  the  sand  using  the  Research  Council 
compaction  procedure  previously  described,  was  found  to  be  18  percent. 
For  this  reason  the  mixtures  of  cutback  asphalt  and  sand  were  designed 
using  a  total  liquid  (cutback  asphalt  plus  water)  content  of  about 
18  percent  for  the  wettest  mix.  It  was  anticipated  that  this  pro¬ 
cedure  would  enable  maximum  dry  densities  to  be  reached  for  each  of 
the  three  cutback  contents  selected,  however  as  shown  in  Figure  12 
maximum  dry  density  was  only  attained  for  the  mixtures  containing  one 
percent  cutback  and  this  was  net  discovered  until  the  testing  programme 


had  been  completed. 


- 
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TESTING  PROCEDURES 

Mixing  of  the  Materials 

A  Hobart  kitchen  mixer  was  used  for  mixing  of  the  sand  and  water 
for  the  moisture  density  tests  in  the  preliminary  testing.  It  was 
found  to  be  of  insufficient  capacity  to  mix  the  40  lb  batches  of  mat¬ 
erials  that  would  be  required  for  the  main  testing  programme. 
Therefore  a  pugmill  type  mixer  was  used  for  all  batches  containing 
cutback  asphalt.  The  preliminary  batch  containing  5$  MC3  and  15$ 
water  was  mixed  with  three  pairs  of  mixing  paddles  on  each  shaft, 
mounted  as  shown  in  the  upper  photograph  of  Plate  I.  As  the  pugmill 
was  also  being  used  to  mix  coarse  aggregate  and  asphalt  mixes,  these 
relatively  large  mixing  paddles  were  continually  breaking  off  from 
the  shafts .  Two  new  shafts  with  paddles  mounted  as  shown  in  the 
lower  photograph  of  Plate  I  were  therefore  installed  in  the  mixer. 

All  of  the  batches  produced  for  the  main  testing  programme  were  mixed 
in  the  pugmill  with  these  paddles. 

The  procedure  for  mixing  consisted  first  of  weighing  out  the  re¬ 
quired  amount  of  air  dried  sand.  The  amount  of  distilled  water  for 
mixing  was  determined  on  the  basis  of  the  oven  dried  weight  of  the 
sand.  The  amount  of  water  to  add  was  this  amount  less  the  water  con¬ 
tent  of  the  sand.  The  water  was  added  to  the  sand  in  the  pugmill  and 
mixed  for  two  minutes.  The  mixture  was  then  allowed  to  stand  for 
about  five  minutes.  The  MC3  cutback  asphalt  was  heated  to  a  temper¬ 
ature  of  approximately  175°F  in  a  thermostatically  controlled  asphalt 
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heating  kettle.  An  amount  of  MC3,  Based  on  the  desired  percentage  of 
the  oven  dried  weight  of  sand,  was  weighed  out  directly  from  the  heat¬ 
ing  kettle  into  a  separate  container.  This  was  then  added  to  the  sand- 
water  mix  while  the  pugmill  was  in  operation.  The  addition  of  the  hot 
MC3  to  the  mix  was  completed  in  approximately  one  half  minute.  The 
lid  of  the  pugmill  was  then  closed  and  mixing  continued  for  one  minute. 
Mixing  was  then  stopped,  sides  of  the  pugmill  were  scraped  &  mixing 
continued  for  an  additional  minute.  Scraping  of  the  sides  of  the  pug¬ 
mill  was  found  to  be  necessary  after  the  paddles  were  redesigned  owing 
to  the  larger  clearance  between  side  walls  and  paddle  tips.  The  mixed 
material  was  dumped  out  of  the  bottom  of  the  pugmill  into  the  metal 
tray,  which  can  be  seen  in  the  upper  photograph  of  Plate  II  and  immed¬ 
iately  transferred  to  a  polyethylene  plastic  bag  to  prevent  loss  of 
volatiles.  Mixes  that  were  aerated  were  transferred  to  drying  pans, 
instead  of  the  plastic  bag,  and  placed  in  an  oven  at  110°F  to  dry  for 
either  a  two  or  five  hour  period.  Volatile  content*  samples  were 
taken  from  these  latter  mixes  immediately  after  the  mixing  operation. 
The  mixes  being  aerated  were  stirred  once  during  the  drying  period. 
After  the  period  of  aeration  was  completed,  the  mixture  was  transferr¬ 
ed  to  a  polyethylene  plastic  bag  and  allowed  to  stand  for  one  hour  to 
facilitate  uniform  moisture  conditions.  Some  examples  of  mix  design 
are  included  in  Appendix  C. 

Molding  the  Samples 

Samples  were  molded  either  immediately  after  mixing,  if  no  aera¬ 
tion  was  to  be  allowed,  or  one  hour  after  drying  back  for  the  desired 
aeration  period.  One  volatile  content  sample  was  taken  for  every  12 

*  Volatile  content  in  this  report  refers  to  the  evaporable  water  and 
diluent  in  the  specimens. 
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specimens  after  6  of  the  12  had  been  molded.  The  method  of  molding 
the  samples  is  shown  in  the  photograph  on  the  left  of  Plate  III.  The 
mold  size  was  2  inches  inside  diameter  by  6  inches  high.  A  steel 
plunger  2  inches  in  diameter  and  2  inches  high  was  set  on  the  base 
plate  and  the  3A  inch  high  spacer  collar  placed  around  it  as  shown. 
The  mold  was  then  placed  over  the  bottom  plunger  and  the  mixture 
added.  Ten  blows  of  the  5*5  lb  rammer  were  applied  to  each  of  the 
four  layers.  Each  layer  was  scarified  lightly  with  a  few  strokes  of 
a  screw  driver  blade  before  more  mixture  for  the  next  layer  was  add¬ 
ed.  After  the  second  layer  had  been  compacted,  the  collar  support¬ 
ing  the  mold  from  the  base  plate  was  removed  and  the  last  two  layers 
compacted.  Removal  of  the  collar  prior  to  compacting  the  second 
layer  caused  the  mold  to  slide  down  on  the  bottom  plunger  to  the  base 
plate,  precluding  the  molding  of  a  specimen  four  inches  in  length. 
After  compaction  of  the  four  layers  had  been  completed,  the  mold  with 
compacted  mix  and  bottom  plunger  was  transferred  to  a  hydraulic  press. 
The  mold  was  forced  down  flush  with  the  base  of  the  bottom  plunger  and 
the  extruded  portion  of  sample  trimmed  flush  with  the  top  of  the  mold. 
The  trimmed  specimen  was  then  extruded  from  the  mold,  weighed,  and 
placed  in  an  oven  for  curing  at  110°F. 

Unconfined  Compression  Testing 

The  unconfined  compression  testing  of  samples  was  done  by  the  use 
of  a  Soiltest  Model  CN-472  hand  operated  unconfined  compression  appar¬ 
atus  shown  being  used  in  the  photograph  on  the  right  of  Plate  III. 
Samples  were  placed  in  the  apparatus  as  shown  in  the  photograph  and 
the  load  applied  at  a  constant  strain  rate  of  0.03  inches  per  minute 
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with  the  hand  crank  by  constant  checking  of  a  timer.  As  the  samples 
were  all  approximately  4  inches  high  this  provided  a  strain  rate  of 
about  0.75  percent  per  minute.  Knowles  ( 1962 )  in  working  with  2  inch 
diameter  by  5  inch  high  specimens  used  a  strain  rate  of  0.9  percent 
per  minute;  Jones  ( 1962 )  using  2  inch  by  2  inch  cylindrical  specimens 
employed  a  1.5  percent  per  minute  strain  rate  whereas  Rice  (1949) 
used  a  strain  rate  of  0.53$  per  minute  in  his  work  on  2  inch  high 
specimens.  The  strain  rate  of  0.03  inches  per  minute  was  used  be¬ 
cause  of  its  convenience  in  controlling  the  strain  manually  with  the 
apparatus  employed. 

The  load  applied  to  the  specimens  was  measured  by  means  of  a 
proving  ring  having  a  capacity  of  600  pounds.  Failure  load  was  taken 
as  occurring  at  the  maximum  load  dial  reading.  Sample  data  and  cal¬ 
culation  sheets  are  included  in  Appendices  Band  C. 

Water  Immersion  Testing 

After  curing  the  desired  period,  samples  that  were  to  be  immer¬ 
sed  were  weighed  along  with  the  three  samples  that  were  to  be  tested 
in  a  dry  condition.  The  immersion  samples  were  placed  on  wooden  trays 
in  which  holes  had  been  drilled  to  assure  water  access  from  all  sides. 
The  trays  were  set  at  the  bottom  of  five  inch  deep  metal  tanks  which 
had  been  sufficiently  filled  with  tap  water  to  completely  immerse  the 
samples.  The  water  level  was  maintained  about  one  quarter  inch  above 
the  top  of  the  specimens,  by  adding  fresh  tap  water  when  required. 

The  temperature  of  the  water  varied  from  a  low  of  65°F  fresh  from  the 
tap  to  a  high  of  70°F  at  a  room  temperature  of  70°F.  The  samples 
were  immersed  for  periods  of  7>  1-4  and  21  days.  If  twelve  samples 
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had  been  cured  for  the  particular  test  series,  then  three  samples 
were  subjected  to  unconfined  compression  testing  immediately  after 
curing,  three  more  after  7  days  immersion,  three  after  Ik  days  immer¬ 
sion  and  the  last  three  after  21  days  immersion.  The  immersed  samples 
were  weighed  in  a  surface  damp-dried  condition  approximately  daily  to 
provide  data  on  their  water  absorption  characteristics.  A  photograph 
of  one  of  the  tanks  showing  some  of  the  samples  is  in  Plate  II.  A 
sample  data  sheet  is  included  in  Appendix  B. 

Analysis  of  Data 

Voids  Calculations:  In  order  to  reduce  the  number  of  computa¬ 

tions  a  value  of  205 *5  cubic  centimeters  was  used  for  the  volume  of 
the  specimens  with  the  exception  of  one  test  series  of  six  samples  in 
which  one  sample  was  less  than  3 5  inches  in  length.  In  the  latter 
case  the  individual  sample  volumes  were  calculated  and  averaged  for 
the  voids  determinations.  The  value  of  205-5  cubic  centimeters  was 
the  average  of  100  cured  samples .  Maximum  deviation  from  this  vol¬ 
ume  was  5.5  cubic  centimeters.  However  as  many  of  the  immersed 
samples  became  particularly  soft  and  difficult  to  measure  accurately 
the  average  value  used  is  considered  to  be  more  realistic  of  actual 
volumes  of  the  samples . 

The  weights  of  all  the  materials  added  for  each  batch  were  tab¬ 
ulated  and  the  actual  percentage  of  MC3  added  was  determined  in  each 
case.  Then  assuming  79  percent  residue  from  the  MC3  (the  average 
value  from  9  samples  after  ll+  days  at  110°C)  the  percentage  of  each 
total  mix  that  was  residual  asphalt  was  determined. 

The  molded  weights  of  each  group  of  samples  were  averaged  and  the 


24 


oven-dry  weight  of  sand  plus  the  weight  of  residual  asphalt  determined 
from  the  volatile  content.  Using  the  percentage  of  the  total  mix  that 
was  residual  asphalt,  the  weight  of  residual  asphalt  was  determined 
from  the  average  molded  weight  of  the  specimens.  The  dry  weight  of 
sand  was  the  weight  of  the  sand  and  residual  asphalt  minus  the  weight 
of  residual  asphalt.  The  volume  of  sand  was  calculated  using  the  pre¬ 
viously  determined  specific  gravity  of  2.66.  The  volume  of  voids  in 
the  aggregate  was  taken  as  the  difference  between  the  total  sample 
volume  of  205*5  cubic  centimeters  and  the  volume  of  the  sand.  The 
percent  of  voids  in  the  aggregate*  of  the  sample  was  the  volume  of  the 
voids  divided  by  the  volume  of  the  sample,  expressed  as  a  percentage. 

The  volume  of  water  in  a  specimen  at  any  time  was  the  total 
weight  of  the  specimen  minus  the  weight  of  dry  sand  plus  residual 
asphalt.  Void  calculations  were  made  for  each  group  of  samples  to 
reduce  computations.  This  means  that  for  a  group  of  nine  samples 
being  subjected  to  7>  I**  and  21  days  of  water  immersion,  the  voids 
calculations  for  the  first  7  days  were  based  on  the  average  of 
nine  specimen  weights  the  next  7  days  based  on  six  specimens,  and  the 
last  7  days  based  on  three  specimens.  A  sample  calculation  is  includ¬ 
ed  in  Appendix  C . 

Unconfined  Compressive  Strength:  Failure  loads  for  the  un¬ 

confined  compression  test  samples  were  taken  from  calibration  curves 
prepared  for  the  600  pound  proving  ring.  An  area  correction  table 
was  prepared  and  the  area  determined  from  the  initial  diameter  and 
unit  strain  at  failure.  This  assumed  deformation  at  constant  volume. 


*  Voids  in  the  aggregate  is  a  phrase  frequently  used  in  bituminous 

mixture  terminology  and  may  be  considered  to  have  a  similar  meaning 
as  the  term  porosity  in  soil  mechanics. 


that  is : 


where,, 


Ac  s 


Ao 

1  -  e 


Ac  -  area  at  failure  load 
Ao  =  initial  area 
e  =  unit  strain 


A  sample  calculation  is  included  in  Appendix  C. 


CHAPTER  V 


DISCUSSION  OF  TEST  RESULTS 


Preliminary  Testing 

Figure  I  shows  the  relationship  between  the  unconfined  compress- 

o 

ive  strength  of  samples  and  curing  time  at  110  F.  Each  point  on  the 
curve  is  the  average  of  three  test  samples.  As  an  apparent  maximum 
strength  is  reached  after  120  hours  curing,  it  was  decided  that  this 
would  be  the  longest  curing  period  used  in  the  main  testing  programme. 
Two  other  curing  periods,  24  hours  and  72  hours,  were  selected  in 
order  to  study  the  effects  of  shorter  curing  periods  on  durability  of 
the  compacted  mixtures . 

Although  the  volatile  content  was  not  noticeably  decreased  by 
drying  the  mix  in  the  bag,  the  unconfined  compressive  strengths  of  the 
samples  which  were  molded  from  this  slightly  aerated  mix,  were  marked¬ 
ly  reduced.  The  three  isolated  points  in  Figure  1  show  this  reduction. 
It  was  therefore  decided  that  a  part  of  the  investigation  would  include 
a  study  on  aerated  mixtures. 

A  plot  of  residual  asphalt  content  versus  time  in  an  oven  at 
11G°C  was  prepared  from  tests  of  nine  samples  of  the  cutback  asphalt. 

It  was  determined  that  15  percent  of  the  asphalt  evaporated  as  volat¬ 
iles  within  two  days.  After  14  days  at  110°C  approximately  21  per¬ 
cent  of  the  asphalt  had  evaporated  as  volatile  leaving  a  residual  of 
79  percent.  This  compared  with  the  manufacturers  data  of  80.0  per¬ 
cent  residual  based  on  the  distillation  test  for  cutback  asphalt  as 
outlined  in  ASTM  Method  of  Test  D402-55* 


'  Its J 
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Main  Testing  Programme 

Effect  of  Molding  Water  Content  on  the  Unconfined  Compressive 

Strength  of  Cured  Samples:  Plots  of  the  unconfined  compressive 

strengths  of  samples  tested  immediately  after  curing  for  various  times 
were  drawn  against  molding  water  contents  and  are  shown  in  Figure  2. 
Regardless  of  the  curing  time  allowed  or  the  quantity  of  cutback 
asphalt  in  the  mixture,  maximum  compressive  strengths  of  the  cured 
samples  occurred  at  a  molding  water  content  of  about  Ik  percent.  There 
appeared  to  be  a  tendency  towards  a  slightly  lower  molding  water  con¬ 
tent  for  maximum  strength  with  higher  percentages  of  cutback  but  a  def- 
inate  trend  is  not  established.  The  broken  lines  in  Figures  2a  and  2c 
show  the  relationship  between  the  cured  unconfined  compressive  strength 
of  samples  compacted  at  differing  molding  water  contents  following 
aeration.  Drying  back  the  mixture  before  molding,  reduced  the  com¬ 
pressive  strength  of  the  cured  specimens. 

Effect  of  Cutback  Asphalt  Content  During  Molding  on  the  Cured 

Unconfined  Compressive  Strength:  Increasing  the  cutback  asphalt 

content  in  the  mixture  reduced  the  unconfined  compressive  strength  of 
samples  tested  immediately  after  curing.  The  same  trend  occurred  in 
all  mixes  regardless  of  curing  period,  molding  water  content,  or 
whether  they  were  aerated  before  molding.  An  increase  of  cutback 
from  1  to  k  percent  in  the  mix  reduced  the  compressive  strength  of 
the  cured  samples  by  more  than  60  percent  in  some  cases  .  The  reduct¬ 
ion  in  strength  with  increased  cutback  content  is  shown  in  Figure  3. 


• 
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Effect  of  Curing  Period  on  the  Unconfined  Compressive  Strength  of 

Cured  Samples:  Curing  the  molded  specimens  for  longer  periods  of 

time  increased  the  unconfined  compressive  strength  in  almost  every 
case  as  shown  in  Figures  4,5  and  6.  Curing  appeared  to  be  most  ben¬ 
eficial  to  mixtures  containing  lower  asphalt  contents.  Increasing 
the  curing  period  from  24  hours  to  120  hours  caused  a  maximum  comp¬ 
ressive  strength  increase  of  46  percent  in  the  mixture  containing  one 
percent  cutback  whereas  a  similar  increase  in  curing  period  contribu¬ 
ted  to  a  strength  increase  of  only  19  percent  in  the  mixture  contain¬ 
ing  four  percent  asphalt.  As  postulated  by  Jones  (1962)  there  may  be 
two  reasons  for  this.  Evaporation  of  pore  water  is  more  difficult  at 
higher  asphalt  contents  so  that  less  tension  is  created  in  the  pore 
water  with  resulting  lower  strength.  Also  indications  are  that  the 

asphalt  acts  partially  as  a  lubricant  rather  than  a  cement  after  cur- 

o 

ing  only  five  days  at  110  F.  It  can  be  seen  from  the  figures  that 
curing  was  also  beneficial  to  the  samples  which  were  molded  from  the 
aerated  mixtures. 

Variation  of  Percent  Air  Voids  in  the  Molded  Samples:  Figure  7 

shows  that  nearly  a  straight  line  relationship  exists  between  air 
voids  in  the  molded  samples  with  both  water  content  and  cutback 
asphalt  content.  Increasing  the  amount  of  either  water  or  cutback 
asphalt  will  reduce  the  air  voids  in  the  compacted  samples.  Obviously 
a  minimum  air  voids  content  will  be  reached  on  the  wet  side  of  the 
optimum  molding  water  content  for  maximum  dry  density.  The  same  re¬ 
lationship  holds  for  the  aerated  mixtures  as  for  those  molded  immed¬ 


iately  after  mixing. 
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Effect  of  Curing  On  Percent  Air  Voids:  Figures  8  and  9  show  the 

variation  in  air  voids  of  cured  samples  with  molding  water  and  cutback 
content,  while  Figure  10  shows  the  effect  of  curing  on  the  air  voids 
content.  Curing  for  24  hours  increased  the  air  voids  in  the  molded 
samples  more  than  three  fold  in  some  cases.  Curing  for  periods  longer 
than  24  hours  increased  the  air  voids  content  only  slightly  or  not  at 
all.  This  conflicts  with  the  report  of  Herrin  (1958)  who  found  a  fair¬ 
ly  continuous  increase  in  air  voids  content  with  curing  up  to  14  days. 
However  the  soil  used  by  Herrin  was  more  densely  graded  than  the  fine 
sand  used  in  this  investigation,  and  the  method  of  compaction  was  dif¬ 
ferent  so  that  no  direct  comparison  can  really  be  made.  Herrins  study 
also  showed  that  the  water  in  the  compacted  samples  evaporated  at  a 
much  faster  rate  than  did  the  diluent. 

Volatile  content  determinations  were  made  on  all  cured  samples 
after  testing  by  drying  in  an  oven  for  two  days  at  110°C.  Based  on  the 
previously  determined  residual  asphalt  content  of  85  percent  after  two 
days  at  110°C,  the  amount  of  water  in  the  specimens  after  curing  was 
calculated.  It  was  found  that  after  curing  only  24  hours  the  maximum 
amount  of  water  still  in  the  specimens  was  less  than  0.3  percent  of 
the  oven  dried  weight  of  sand.  It  would  appear  therefore  that  curing 
beyond  the  24  hour  period  allows  continued  evaporation  of  the  diluent 
whereas  practically  all  of  the  water  is  driven  off  within  24  hours. 

The  same  relationship  between  percent  air  voids  in  the  mix  and 
curing  time  held  for  the  aerated  mixtures. 

Relationship  Between  Percent  Air  Voids  And  Unconfined  Compressive 

Strength:  As  there  was  very  little  change  in  air  void  content  with 


increased  curing  time  beyond  24  hours,  there  is  no  apparent  relation 
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ship  between  the  unconfined  compressive  strength  and  percent  air  voids 
after  curing  as  shown  in  Figure  11.  The  large  increases  in  compressive 
strength  which  result  from  curing  for  longer  periods  are  probably  direct¬ 
ly  related  to  the  additional  small  decrease  in  the  remaining  diluent. 

As  no  distillations  were  conducted  in  this  study  this  possible  relation¬ 
ship  can  only  be  assumed  to  exist. 

Effect  of  Aerating  Mixtures  Before  Molding  on  the  Unconfined  Comp¬ 

ressive  Strength:  Aerating  the  mixture  caused  a  reduction  in  the  un¬ 

confined  compressive  strength  of  the  cured  samples  when  compared  with 
samples  molded  immediately  after  mixing  and  at  the  same  molding  water 
contents.  The  air  voids  content  of  the  molded  and  cured  samples  which 
had  been  made  from  dried  back  mixtures  was  higher  than  for  samples  that 
had  been  molded  without  aeration.  Apparently,  drying  the  mixture  before 
molding  permits  some  of  the  diluent  to  evaporate  thus  creating  a  mixture 
more  resistant  to  compaction  and  resulting  in  higher  air  voids  content 
and  lower  dry  density.  Refer  to  Figures  2  and  7. 

Relationship  Between  Dry  Density  and  Molding  Water  Content:  The 

relationship  between  dry  density  and  molding  water  content  is  shown  in 
Figure  12.  Maximum  dry  density  appears  to  occur  at  molding  water  con¬ 
tents  between  l6  and  17  percent  for  the  one  percent  cutback,  while  for 
the  higher  cutback  contents  the  maximum  densities  were  not  reached. 
Aerating  the  mixtures  before  molding  the  samples  reduced  the  dry  density. 

Effect  of  Water  Immersion  on  Unconfined  Compressive  Strength: 

Figure  13  shows  the  decrease  in  compressive  strength  with  water  immer¬ 
sion.  Although  only  the  results  for  samples  containing  four  percent 
cutback  and  cured  120  hours  are  shown  to  avoid  confusion,  similar  re¬ 
sults  were  obtained  with  samples  containing  one  and  two  percent  cut- 
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back  and  for  curing  periods  of  2  4  and  72  hours  as  shown  in  Table  IV. 
All  samples  subjected  to  water  immersion  showed  a  large  loss  in  comp¬ 
ressive  strength  after  seven  days.  Maximum  strength  loss  after  seven 
days  immersion  was  93  percent  of  cured  strength.  The  further  loss  in 
strength  for  periods  longer  than  seven  days  immersion  was  much  less, 
an  average  value  being  five  percent  of  the  initial  strength  for  an 
additional  14  days.  High  compressive  strengths  of  the  cured  samples 
did  not  produce  a  proportionately  higher  strength  in  similar  samples 
after  water  immersion.  Therefore  compressive  strength  in  the  cured 
or  so-called  dry  state  is  no  criterion  of  the  durability  of  the  com¬ 
pacted  sample.  The  highest  compressive  strength  of  the  samples  test¬ 
ed  in  the  cured  condition  was  143  pounds  per  square  inch  attained  by 
a  mixture  of  1  percent  cutback  and  14.8  percent  water  and  cured  for  120 
hours.  After  seven  days  water  immersion  the  strength  of  samples  from 
this  mixture  had  dropped  to  9*7  pounds  per  square  inch,  a  decrease  of 
93  percent.  Conversely,  the  mixture  containing  4  percent  cutback  and 
8.9  percent  molding  water  produced  a  relatively  low  strength  of  51 
pounds  per  square  inch  in  the  120  hour  cured  product  but  nearly  21 
percent  of  that  strength,  10.4  pounds  per  square  inch,  remained  after 
seven  days  water  immersion. 

Effect  of  Molding  Water  and  Cutback  Content  On  Compressive 
Strength  After  Immersion:  Figures  14,  15  and  l6  show  the  relationship 

between  immersed  compressive  strength  and  molding  water  content.  There 
appears  to  be  a  trend  for  higher  immersed  compressive  strengths  at 
higher  molding  water  contents.  Figures  17 >  18  and  19  show  the  effect 
of  molding  cutback  content  on  immersed  compressive  strength  and  are 
for  the  most  part  horizontal  with  possibly  a  very  slight  trend  towards 
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lower  immersed  compressive  strengths  at  higher  cutback  contents.  The 
highest  immersed  compressive  strength  obtained  after  seven  days  immersion 
was  15.2  pounds  per  square  inch.  The  mixture  that  produced  this  highest 
strength  contained  2  percent  cutback  asphalt  and  15.8  percent  molding 
water . 

Effect  of  Aerating  the  Mixture  Before  Compacting  on  the  Immersed 

Compressive  Strength:  Mixtures  that  were  dried  back  before  compacting 

showed  a  reduced  immersed  compressive  strength  when  only  cured  for  24 
hours  .  However  these  same  mixtures  when  cured  for  120  hours  after  molding 
provided  samples  with  immersed  compressive  strengths  as  high  as  and  in 
some  cases  higher  than  the  mixtures  that  were  molded  without  aeration. 

Effect  of  Curing  on  the  Immersed  Compressive  Strength;  Curing  for 
longer  periods  had  a  beneficial  effect  on  the  durability  of  the  samples 
as  measured  by  their  unconfined  compressive  strength  after  immersion  in 
water.  In  practically  all  cases  samples  that  were  cured  for  72  hours 
had  higher  immersed  compressive  strength  than  samples  from  the  same 
mixture  that  were  cured  only  24  hours.  Similarly  curing  for  120  hours 
generally  increased  the  immersed  compressive  strength  over  that  of  the 
24  and  72  hour  cured  samples.  This  is  illustrated  in  Figure  20  in  which 
the  immersed  strengths  of  samples  cured  for  24  hours  are  shown  as 
100  percent.  The  mixtures  that  had  been  aerated  prior  to  molding  showed 
the  greatest  benefit  drom  longer  curing  periods. 

Rate  of  Water  Absorption:  A  number  of  curves  showing  the  rates 

of  water  absorption  by  the  various  cured  mixtures  are  shown  in  Appendix  D. 
These  rates  are  based  on  the  volume  of  water  filling  the  voids  in  the 
aggregate.  Samples  prepared  from  the  mixtures  containing  two  percent 
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and  four  percent  cutback  were  still  absorbing  water  after  21  days 
immersion  in  most  cases  although  the  rates  of  absorption  were  con¬ 
siderably  reduced.  Of  note  is  the  marked  reduction  in  the  rate  of 

water  absorption  of  the  samples  prepared  from  the  aerated  mixtures. 

> 

Effect  of  Molding  Water  Content  on  Water  Absorption:  Figures 

21,  22,  and  23  show  the  relationships  between  the  molding  water  content 
and  water  absorption  after  'J ,  14,  and  21  days  immersion.  Water 
absorption  appears  to  reach  a  maximum  in  samples  molded  at  a  water 
content  of  14  percent.  Mixtures  that  were  aerated  prior  to  molding 
did  not  show  as  much  sensitivity  to  increased  or  decreased  absorption 
with  molding  water  content. 

Effect  of  Molding  Cutback  Content  on  Water  Absorption:  Figures 

24,  25,  and  26  show  the  relation  between  water  absorption,  as  expressed 
by  the  percent  of  water  in  the  voids  in  the  aggregate,  and  molding 
cutback  asphalt  content.  The  trend  is  towards  higher  water  absorption 
with  higher  percentages  of  cutback  in  the  mix.  Although  not  shown  in 
graphical  form,  the  actual  quantity  of  water  absorbed  by  samples  con¬ 
taining  higher  percentages  of  cutback  was  also  greater.  This  was  true 
as  the  percentage  of  voids  filled  with  residual  asphalt  increases  only 
a  small  amount  with  increasing  cutback  content  in  comparison  to  the 
large  increase  in  water  absorbed.  Although  some  sloughing  of  material 
occurred  with  samples  containing  one  and  two  percent  cutback,  the 
amount  of  material  lost  was  not  sufficient  to  account  for  the  large 
difference  in  water  absorption  as  determined  by  the  weights  of  the 
samples.  Jones (1962)  found  that  increasing  the  amount  of  cutback  in  the 
mix  decreased  the  rate  of  water  absorption  but  he  did  not  compare  mixtures 
having  the  same  molding  water  content. 
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Effect  of  Curing  on  Water  Absorption:  Based  on  water  absorption 

of  the  samples  that  were  cured  for  2k  hours  as  being  100  perce nt,  as 
indicated  in  Table  V,  there  does  not  appear  to  be  a  definate  relationship 
between  curing  period  and  water  absorption  of  the  immersed  samples  that 
were  molded  at  or  near  the  mixing  water  content.  Mixtures  containing 
one  percent  of  cutback  asphalt  showed  predominantly  increased  water 
absorption  with  increased  curing  periods.  Most  mixtures  containing 
two  and  four  percent  cutback  on  the  other  hand  had  lower  rates  of  water 
absorption  with  longer  curing  periods. 

There  was  no  such  wide  variation  with  the  aerated  mixtures 
however.  All  mixtures  that  were  aerated  before  molding  showed  reduced 
water  absorption  tendencies  with  longer  curing  periods. 


TABLE  V 


EFFECT  OF  CURING 

ON  WATER  ABSORPTION 

M C  3 
Content 

Mo  Id  i  ng 
Water 
Content 

Curing 

Period 

Change  in  Water  Absorption 

With  Increased  Curing  Period* 

Immersed  Immersed  Immersed 

^ _  1o  hrs  7  Days  14  Days  21  Days 


1 

5.0 

120 

87$ 

9-8 

II 

119 

14 .6 

II 

112 

17.6 

II 

110 

2 

5-2 

120 

76 

10.1 

72 

103 

103$ 

109$ 

10.1 

120 

114 

113 

113 

12  .0 

72 

102 

106 

106 

11.8 

120 

65 

74 

86 

13.9 

72 

111 

122 

121 

13.7 

120 

70 

75 

84 

15-8 

72 

53 

62  .5 

74 

15.8 

120 

64 

73 

85 

b 

8.9 

72 

91.5 

98 

101 

8.9 

120 

85 

93-5 

99 

10.9 

72 

89 

91 

98 

10.9 

120 

96 

101 

99 

12  .9 

72 

85 

101 

108 

13.1 

120 

95 

107 

109 

14.35 

72 

126 

116 

110 

14.75 

120 

103 

107 

108 

1 

9.4 

120 

57 

13.5 

II 

45 

2 

9-5 

120 

95 

Aerated  Mi 

xtures 

10.2 

II 

49 

b 

9.4 

120 

58 

12.2 

II 

56 

*  Change  in  water  absorption  is  shown  as  a  percentage  of  the  wate 
absorption  for  samples  cured  for  24  hours.  Rates  of  water 
absorption  are  based  on  the  amount  of  water  filling  the  voids  in 
the  aggregate. 
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S man  ry  of  Results 

Aeration  of  Mixtures  Before  Mo  Id  lug:  Aerating  the  mixtures  before 

m«'>l'1i,ig,  increased  the  air  voids,  reduced  the  dry  density.,  and  reduced 
the  uneonf  i  ved  compressive  stre ngth  of  samples  cured  but  not  immersed. 
However  the  compressive  strength  of  such  samples  when  cured  for  120 
hours  at  a  temperature  of  110°F  and  subjected  to  water  immersion  for  a 
period  of  seven  days.,  showed  improvement  over  that  of  samples  molded  at 
the  same  water  content  from  mixtures  that  had  not  been  aerated.  This 
could  be  due  to  the  lower  percentage  of  cutback  diluent  in  the  aerated 
mixtures  at  the  time  of  immersion.  Water  absorbed  by  samples  made  from 
aerated  mixtures  was  greater  than  that  of  the  no n-ae rated  mixtures  wbe u 
a  short  (24  hour)  curing  period  was  used.  However  if  the  samples  were 
cured  for  a  period  of  120  hours,  those  made  from  the  aerated  mixtures 
were  much  less  water  absorptive  than  those  molded  from  the  non-aerated 
mixtures  when  compared  at  the  same  molding  water  content.  As  the  com¬ 
pressive  strength  of  asphalt  stabilised  soil  after  a  period  of  water 
immersion  is  probably  more  realistic  of  long  term  field  conditions  in 
this  country  than  the  compressive  strength  immediately  after  curing;  it 
would  appear  that  aerating  the  mixture  before  compaction  can  be  beneficial 
to  the  final  product.  The  direct  advantage  of  aeratiiig  before  compaction 
is  of  course  the  greater  stability  during  the  compaction  process.  Trie 
results  of  this  investigation  shoved  that  there  were  no  harmful  effect* 
from  aerating  prior  to  compaction.  Limitations  on  time  did  not  permit 
as  extensive  an  investigation  as  was  desired  on  the  aeration  phase  of 
the  rrogramne . 

Curing  After  Molding:  Curing  for  longer  periods  (up  to  5  days 

at  110°F)  was  highly  beneficial  for  samples  that  had  been  molded  from 
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aerated  mixtures .  Immersed  compressive  strength  was  increased  and  water 
absorption  tendencies  were  lowered .  Curing  for  longer  periods  was  less 
teneficial  for  samples  molded  immediately  after  mixing.  There  was  im¬ 
prove  ment  in  Immersed  compressive  strength  but  a  definite  trend  was  not 
apparent  on  the  water  absorption  characteristics.  Curing  was  more 
beneficial  to  samples  molded  from  mixtures  containing  smaller  percent¬ 
ages  cf  cutback  asphalt.  longer  curing  periods  increased  the  com¬ 
pressive  strength  of  all  samples  that  were  not  subjected  to  water 
immers ion. 

amount  of  f'’;: ter  la  the  Ivlin,-  The  unconfined  compressive  strengths 
of  cured  samples  not  subjected  to  water  immersion  reached  an  apparent 
maximum  at  a  molding  water  content  of  approximately  14  percent,  based  on 
the  oven  dry  weight  of  sand  in  the  mix.  Optimum  molding  water  content 
for  maximum  dry  density  appeared  to  vary  slightly  with  the  amount  of 
cutback  in  the  mixture.  0  ie  percent  cutback  asphalt  in  the  mixture 
produced  an  optimum  near  17  percent  molding  water  content.  Two  and  four 
percent  cutback  in  the  mixture  produced  apparent  optimums  at  slightly 
lower  molding  water  contents  although  maximum  densities  were  not  reached. 
As  the  maximum  dry  density  for  the  sand  alone  was  at  an  optimum  molding 
water  content  of  18  percent,  it  would  appear  that  the  amount  of  diluent 
governs  the  reduction  in  optimum  water  content  for  maximum  dry  density 
rather  than  the  total  amount  of  cutback  asphalt  in  the  mix.  Higher 
molding  water  contents  produced  increased  compressive  strength  after 
water  immersion  whether  or  not  the  mixtures  had  been  aerated  prior  tc 
compaction. 

Amount  of  Cuttack  Asphalt  in  the  Mix:  Of  the  mixtures  studied  in 

this  investigation,  a  cutback  content  of  about  two  percent,  based  on 
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the  oven  dry  weight  of  sand,  gave  the  best  final  product  as  measured 
by  highest  immersed  compressive  strength  and  relatively  low  rate  of 
water  absorption..  Increasing  the  amount  of  cutback  in  the  mixture 
correspondingly  increased  the  dry  density,  reduced  the  air  voids  at 
molding  and  voids  in  the  aggregate.  It  also  reduced  the  compressive 
strezjgtb  of  the  cured  samples.  A  cutback  content  of  two  percent  gave 
maximum  compressive  strength  after  seven  days  water  immersion.  Longer 
immersion  periods  reduced  the  difference  in  compressive  strength  between 
the  two  and  four  percent  cutback  mixtures.  However  even  after  21  days 
water  immersion,  the  two  percent  mixtures  showed  slightly  higher  strengths 
than  the  four  percent  mixtures. 

Increased  cutback  content  appeared  to  result  in  increased  water 
absorption  when  comparing  mixtures  molded  at  the  same  water  content.  As 
the  voids  in  the  aggregate  as  well  as  the  a:r  voids  are  reduced  with 
larger  amounts  of  cutback  in  the  mix,  this  phenomenon  appears  to  be  an 
anomaly.  However  the  facility  with  which  the  compacted  sample  absorbs 
water  may  be  aided  by  the  surface  tension  forces  within  the  sample.  These 
might  be  increased  by  the  reduced  air  voids  in  samples  containing  greater 
amounts  of  cutback.  Another  possible  explanation  may  be  that  a  mixture 
containing  a  larger  percentage  of  cutback  will  have  a  greater  quantity 
of  diluent  that  has  not  been  evaporated.  Thus  the  residual  asphalt  cement 
does  not  act  as  a  cement  and  waterproofer  until  the  diluent  has  evaporated 
out  of  the  sample. 
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CHAPTER  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  conclusions  arrived  at  as  a  result  of  this  investigation  are 
limited  to  the  extent  of  the  materials  used  and  testing  conditions 
which  prevailed o  In  particular  they  apply  to  the  one  sand  and  cutback 
asphalt  used  in  the  investigation.  Using  different  materials  and 
different  test  conditions  may  or  may  not  give  similar  results. 

Cone  1  us  ions 

1.  Mixtures  that  were  aerated  prior  to  compaction  and  cured  for 

a  period  of  five  days  at  110°F  showed  reduced  water  absorption  tendencies 
and  increased  immersed  compressive  strengths  when  compared  with  non- 
aerated  mixtures. 

2.  Curing  for  longer  periods  increased  the  compressive  strength 
of  all  samples  not  subjected  to  water  immersion. 

3*  Curing  was  most  beneficial  to  samples  molded  from  mixtures 
containing  smaller  percentages  of  cutback  asphalt. 

4.  Higher  molding  water  contents  resulted  in  higher  immersed 
compressive  strengths  regardless  of  whether  or  not  the  mixtures  had  been 
aerated  before  compaction. 

5*  There  was  no  relationship  between  the  unconfined  compressive 
strength  of  samples  tested  immediately  after  curing  and  that  of  samples 
tested  after  a  period  of  water  immersion. 
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6.  Curing  for  longer  periods  increased  the  immersed  compressive 
strength  for  all  samples  whether  molded  from  aerated  mixtures  or  not. 
Curing  for  periods  longer  than  2k  hours  increased  the  air  voids  in  the 
samples  only  slightly.  There  is  no  apparent  relation  between  air  voids 
content  and  compressive  strength. 

Re commend  at  ions 

As  the  results  of  this  investigation  indicated  that  evaporation 
cf  the  cutback  diluent  in  a  sand. -cutback -water  mixture  is  possibly  the 
most  important  single  contributor  to  a  durable  product,  a  further 
investigation  should  be  conducted  wherein  cutback  and  water  content 
determinations  are  made  by  distillation  to  ensure  more  reliable  results. 
In  this  way  an  attempt  to  establish  a  relationship  between  residual 
asphalt  content  and  immersed  compressive  strength  could  be  carried  out. 
Such  a  test  programme  should  include  a  wider  range  of  molding  water 
contents  than  was  used  in  this  investigation. 

Further  research  should  be  undertaken  with  aerated  mixtures .  Good 
distribution  of  asphalt  occurs  near  the  optimum  water  content  of  the 
sand  and  aerating  prior  to  compaction  has  been  found  to  be  beneficial. 
Mixtures  should  be  prepared  at  optimum  water  content  and  aerated  to  four 
or  five  different  molding  water  contents  so  that  a  closer  indication  of 
the  degree  of  aeration  for  best  results  can  be  ascertained. 
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* 

3/3 

)9/8 

S8 

y  so 

/660 

tL 

^Wt  Sample  Wet  +  Tare  ^ 

7  69  •  /6 

782.- 92 

I'/'/.oe 

797.  73 

S89.  32  1 

768.  SC 

^Wt-Sample  D  r  y -P  Tare  ^ 

/st./y 

767.6/ 

/S9.2J 

/ 8 0.78 

779  79 

/7S86 

7  S3. 69 

IqWt-  Water 

SI  <9* 

79.73- 

79  37 

76-27 

S7. 18 

7/96 

79 36 

RTare  Container  jrr. 

25.69 

6  6  •  o  S 

39.iT. 

63-  <79 

68.  So 

22.9/ 

63.99 

HWt-  Dry  Soil  am. 

93.  70 

/c*.  22 

99.29 

77  7.  29 

///■  02 

7CS9S 

97.  SS 

[^Moisture  Content  %. 

73  9 

/y  s r 

7  so 

7f6 

/S'.  7 

766 

7b.  S' 

Method  of  Compaction 


Diam.  Mold. 
Height  Mold  _ 
Volume  Mold 
No-  of  Layers, 


Blows  per  Layer 
Ht-  of  Free  Fall 
Wt-  of  Tamper _ 


Shape  of  Tomping  Face 
Description  of  Sample.. 


Rem  arks 


Moisture 


Content  % 


mv 


“  ■ 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 


P-&Q.0  ESI ■rXf'K'* 


SITE 


SAMPLE  i 


LOCATION  /AcLj/zy/v  S'/ 7  //o.* 


HOLE 


DEPTH 


TECHNICIAN  u>///rd7  DATE  SIT#***. 


trial  Number 

/r 

/  7 

/£ 

/i 

U0 

71/ 

Mold  No- 

c 

c 

Wt-  Sample  Wet  +  Mold*, 

L2I2X. 

/SozJ 

1 

/&/<?.  0 

/AOfT.Z 

/#//■/ 

/so/.s 

1  ♦ 
>c 

Wt-  Mold 

<3m 

/42/.0 

79MJ2. 

Mfz/  0 

/7*J0 

/V  */.  o 

77*/.  0 

/**/  o 

c 

:  Wt-  Sample  Wet 

3760 

33/7 

3, Si  .9 

iSl-0 

3697. 

39  OJ 

360.X 

E 

1  w 

:  Volume  Mold 

cm//. 

•  007*  6 

•oc7*6 

•  00  7*6 

/  007*6 

•  007*  6 

>007*6 

.007^ 6 

1  a 
la 

5Wet  Unit  Weiaht 

Ib-/ft3 

//*  * 

//S.6 

//£>  r 

776-0 

//J6 

//JS 

//8J  

c 

pry  Unit  Weight 

lb/f  t 3 

9y.t> 

i3-S 

97.  / 

93.9 

?£.< 

/0C-S 

/<70.2~ 

Container  No 

S/J3 

3/7.C 

rfzzc 

O-zz 

//S 

/St 

/S6> 

1 

1  r 

;Wt-  Sample  Wet  +  Tare 

/  63.60 

7?e.  9 6 

7l91(> 

/se.9& 

79739 

773.79 

767 ■  19 

I  r 

-Wt-  Sample  Dry  +  Tare.?^ 

79g.9& 

r/ 

779  31 

/09-62 

/?/.  76 

/S7.31 

/61.46 

I  c 

:  Wt-  Water 

rr-i 

/s.  rz 

xojy 

79  i) 

/U  3 

/S./S 

/&V£. 

h 

I  V. 

'Tare  Container 

'^7 

am 

6c. /o 

79,71 

9/  93 

6  9-99 

.  oiT 

J9.8S 

91.92 

1  a 

■Wt-  Dry  Soil 

<7 

a/rx 

SB,  C& 

#7.  03 

/OZ  •  V6 

/oO*/8 

/OS.  7/ 

67.  *9 

/os.  ry 

^Moisture  Content 

n.z 

/2:3  . 

79-7 

yli 

.  /£  J> 

.MS.,  Q 

/?•&  . 

Max*  Unit  Wt  =. 
Opt-  Moist-  =. 


"/ft* 


Of 

/© 


Method  of  Compaction 
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Diam.  Mold  _ 

Height  Mold  - 

Volume  Mold  _ 

No-  of  Layer s__ _ 

Blows  per  Layer 
Ht-  of  Free  Fall 
Wt-  of  Tamper _ 


Shape  of  Tamping  Face 
Description  of  Sample. 


Rem  arks 


Moisture 


Content  % 
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APPENDIX  B 


SAMPLE  DATA  SHEETS 


Unconfined  compression  test 
Summary  and  absorption  data 


data  sheet 
sheet 
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UNCONFINED  COMPRESSION  TEST 


Machine  -  Soil  Test  Model  CN  472  Date  2  Aug  62 

Technician  R.  White _ 

Sample  Description  - 

4$  MC  3  -  15$  Water 
Cured  24  hours  at  110°F 
Immersed  lb  days 


Sample  No. 

Diameter  ins. 

Height  ins. 

Wt  .Tare  /  Sand  /  Residual  f  Volat 
Wt.Tare  /  Sand  /  Residual 
Wt .Tare 

Wt.Sand  /  Residual 
Wt  .Volatiles 

Volatile  Content  $ 


203 

207 

209 

1.993 

1.999 

1.991 

3-999 

3.978 

3.981 

gm 

439-03 

435.92 

440.02 

gm 

387.61 

385.67 

389.00 

gm 

46.05 

42.97 

45.55 

gm 

341.56 

342.70 

343.45 

gm 

51.42 

50.25 

51.02 

15.05 

14.65 

14.87 

Sample  203  Sample  207  Sample  209 


Load 

Strain 

Load 

Strain 

Load 

Stra in 

Dial 

Dial( in) 

Dial 

Dial( in) 

Dial 

Dia l( in) 

0 

.190 

0 

.190 

0 

1— * 
00 

.0072 

.195 

.0072 

.195 

.0102 

.200 

.0087 

.200 

.0132 

.205 

.0112 

.205 

.0157 

.210 

.0137 

.210 

.0182 

•215 

.0157 

.215 

.0202 

.220 

•0177 

.220 

.0207 

.225 

.0192 

.225 

.0212 

.230 

.0197 

.230 

.0217 

•235 

.0202 

•235 

.0212 

.240 

.0202 

.240 

.0212 

.240 

.0212 

.245 

.0202 

.245 

.0207 

.250 

.0192 

.250 

.0197 

•255 

.0192 

•255 

.0187 

.260 

r 


' 
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UNIVERSITY  of  alberta 
DEPARTMENT  of  civil  engineering 

SOIL  MECHANICS  LABORATORY 


Material  Data: 

Initial  (Moulding) 

Volatile  Content: 

Sand  McGinn  Pit  No  2 

Wet  wt .  and  tare 

108.5 

Asphalt  4$  MC  3 

Dry  wt .  and  tare 

97.5 

Tare  No.RCW  22-1 

n22  .6 

Water  15$ 

Wt .  volatiles 

11. 0 

Dry  wt .  sand 

74.9 

Volatile  Content 

lit. 7 

80 


Mix  No, 


Test .IMMERSION  -  ABSORPTION 
R.  C.  White  Date  18  Jul  62 


gm. 

gm. 

gm. 

gm, 

gm. 

7, 


SAMPLE  NO. 

201 

202 

203 

204 

,  205 

206 

,  207 

,  208 

209 

210 

211 

1  212 

Initial  (Moulded)  w 

t  394. 

{J&b. 

*  393. 

.32^ 

356. 

395.6 

394.3 

395.3 

3Q5.1 

396.1 

396  A 

397 

Cured  Wt . 

394. 

347. 

2  346. 

348.' 

r  313  .< 

348.7 

346.8 

347.9 

347.7 

348.- 

349. 

349 

Cured  Diameter  ins . 

2.00 

2.01' 

2  .011 

! 

Cured  Height, ins. 

3.98< 

3-58c 

3  .991 

Soaked  wt .  1  day 

352. 

351. 

353  3 

353  .7 

351.7 

353.0 

352.8 

353.2 

^53 

2 

352/ 

355.1 

355  .2 

353.6 

354.7 

354.8 

355  .2 

355 

3 

135ST 

355.0 

357.9 

358.1 

356.0 

356.9 

356.0 

356.8 

357 

4 

J.52..2 

358.1 

361.1 

360.8 

358. 5 

359.7 

359.9 

359.4 

360 

5 

362.2 

361.0 

363.7 

363.5 

361.4 

362.1 

362.1 

361.7 

363 

6 

367.9 

366.9 

369.5 

360.1 

367.0 

367.4 

367.0 

367.3 

368 

7 

.,373 .6 

372.4 

374.9 

374.1 

372.1 

372.3 

373.4 

372.7 

373 

8 

379.1 

381.0 

378.2 

378.1 

379.6 

378.2 

9 

383.8 

385.6 

382.7 

382.5 

384.6 

383 . 1 

10 

388.1 

388.6 

385.6 

385.4 

387.9 

386.3 

11 

390.0 

390.0 

387.6 

386.7 

389.5 

387.6 

12 

39 1. 5 

391.2 

389.2 

388.0 

390.4 

388.6 

13 

392  .8 

392.3 

389.7 

388.4 

391.7 

389.6 

14 

394.0 

393.7 

393.7 

392.4 

395.3 

392.3 

15 

16 

397.8 

395.3 

394.8 

17 

399*4 

397.3 

396.4 

18 

400.6 

398.4 

397.7 

19 

400.9 

398.9 

398.1 

20 

21 

403.5 

401.3 

400.5 

Height .  ins . 

3.98 

?3 .987 

3.999 

3.988 

3.585 

3.980 

3.978 

3.973 

3.982 

3.979:  3.99C 

3. of5 

Diameter  ins. 

2.00; 

£.002 

L.993 

1.984 

2.013 

1.994 

2.000 

1.990 

1.991 

1.9791 

2.014 

2.0: 

Area,  sq.  ins. 

3.17 

3. 14^ 

3.119 

3.092 

3.173 

3.122 

3 . 142 

3.111 

3.113 

3 . 077! 

3.17^ 

3.1 

Strain  Dial 

.050 

.o4c 

.045 

.065 

.050 

.046 

.050 

.065 

.055 

.055 

.  05C 

.0( 

Load  Dial 

1522 

.0262 

.0217 

.0200 

.1562 

.0342 

.0202 

.0202 

.0212 

.0202 

.1542 

.02 

Unit  Strain 

1.25 

1.0 

1.13 

1.63 

l.4o 

1.15 

1.25 

1.64 

1.38 

1.38 

* - 

1.25 

1.0 

Corrected  Area 

3.21 

3.18 

3.15 

3.15 

3.22 

3.16 

3.18 

3.16 

3.16 

3.12 

3  .222 

3.18 

Load  lb. 

200 

34 

29 

2F.8 

206 

45 

27 

27 

28 

27 

203 

35 

Stress.  Dsi 

12.3,1 

0-T 

9.21 

-8-50 

"S3. 9 

14.2 

8.49 

-8-^ 

8.86 

8.65 

11. 

APPENDIX  C 


SAMPLE  CALCULATIONS 


Mix  Design 

Unconfined  Compressive  Strength 
Method  of  Calculating  Voids 


■ 
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SAMPLE  CALCULATIONS 


Mix  Design 

Batch  No.  5  --  4$  MC3  --  9$  mixing  water 

1.  The  weight  of  material  necessary  to  mold  36  specimens  2 

1 

inches  in  diameter  by  4  inches  high  was  determined  to  be  about  thirty 
pounds  (using  an  estimated  wet  unit  weight  of  115  pcf). 

2.  From  the  design  mixing  water  content,  an  estimated  35  lb 
of  air  dried  sand  would  be  ample.  Thirty  five  pounds  of  the  sand  was 
weighed  out  for  the  mix. 

3.  On  the  basis  of  the  previously  calculated  water  content  of 
the  air  dried  sand,  the  oven  dry  weight  of  sand  was  determined  to  be 
15,820  gms . 

4.  The  design  mixing  water  content  was  9$  so  a  total  of: 

.09  x  15,820  gm  =  1424  gm  of  water  was  required.  However  80 
gm  of  water  was  already  in  the  sand  so  the  required  amount  of  water  to 
add  was : 

1424  gm  -  80  gm  =  1344  gm 

5.  The  design  amount  of  MC3  was: 

.04  x  15,820  =  633  gm 

Therefore  this  amount  of  heated  MC3  was  weighed  into  a  container  plus 
an  extra  10  gm  to  allow  for  the  material  which  adhered  to  the  container. 
When  the  materials  were  being  weighed  out  for  the  batch,  the  tare  weights 
of  the  containers  were  determined  before  the  materials  were  placed  in 
them  and  after  the  materials  had  been  poured  out  into  the  mix.  The 
actual  weights  of  materials  were  then  used  in  determining  the  percentage 
of  materials  in  the  mix.  There  was  little  difference  between  the  designed 
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weights  and  actual  weights  of  the  sand  and  water.  Actual  weight  of  MC3 
added  did  vary  from  the  designed  amount  due  to  the  difficulty  in 
estimating  how  much  asphalt  would  adhere  to  the  container.  In  the  case 
of  Batch  No.  5  the  actual  weight  of  MC3  added  was  628.5  gm  as  compared 
to  the  design  weight  of  633 
Unconfined  Compressive  Strength 

From  the  data  taken  during  the  unconfined  compression  testing  of 
the  samples,  the  maximum  load  dial  reading  and  total  strain  in  inches 
were  determined.  The  failure  load  was  obtained  from  the  proving  ring 
calibration  chart  for  the  maximum  load  dial  reading.  The  unit  strain 
was  calculated  on  the  basis  of  the  original  length  of  the  specimen. 

The  area  at  failure  was  determined  from  the  area  correction  table.  The 
unconfined  compressive  strength  was  taken  as  the  failure  load  divided 
by  the  area  at  failure.  The  following  calculation  is  based  on  data  for 


Sample  No.  701. 


LOAD 

STRAIN 

TOTAL 

DIAL 

DIAL 

STRAIN 

Max.  load  dial  =  .1792 

Failure  load  =  236  lb 

0 

.190 

0 

Total  strain  =  .050  in 

.0172 

.195 

.005 

Unit  strain  =  ^*^5  =  .0126 

.0322 

.200 

.010 

.0490 

.205 

.015 

3-979 

.0690 

.210 

.020 

.0900 

.215 

.025 

Original  diameter  =  2.004  in 

.IO65 

.220 

.030 

Corrected  area  -  3*IQ  sq.  in 

.1314 

.225 

.035 

Compress ive  strength  :  ^6  lb 

.1503 

.230 

.040 

.1692 

.235 

.045 

3.19  sq.  in 

.1792 

.240 

.050 

.  1662 

.245 

.055 

=  74.0  psi 

.0920 

.250 

.060 

In  preparing  the  plots  of  unconfined  compressive  strengths,  the 
average  of  each  group  of  3  samples  was  used. 


. 
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Calculation  of  Voids 

The  volume  of  voids  was  considered  to  be  that  part  of  the 
specimen  not  occupied  by  sand(that  is  voids  in  the  aggregate  as 
defined  in  the  text).  The  following  sample  calculation  is  for  the 
sample  group  501  -  512. 

Design  MC3  content  -  4$>;  water  content  -  9 

1.  Average  molded  weight  of  twelve  samples  =  366.6  gm 

2.  Molding  volatile  content  determined  from  volatile  content 
sample  RW  55-1: 


Wet  weight  /  tare 

- 

128.0  gm 

Dry  weight  /  tare 

r 

118.98  gm 

Tare 

= 

23.02  gm 

Wt .  volatiles 

- 

9.02  gm 

Dry  weight  solids 

= 

95.96  gm 

Volatile  content 

= 

9.02  x  100* 
95-96 

= 

9-39$ 

3.  Weight  of  sand  /  residual  asphalt  -  — 0 ^gd  .  Jgeigh t _ 

1  /  volatile  content 

366.6  gm 


1  /  -0939 
=  335-1 

4.  From  Table  VI  determine  weight  of  MC3  in  sample  is: 

366.6  gm  x  3 .52  =  12 .9  gm 


100 


and  weight  of  residual  asphalt  is: 


366.6  gm  x  3 .52  x  80 
100  100 

and  weight  of  asphalt  volatiles  is: 


10.2  gm 


2.7  gm 


- 
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5-  Weight  of  sand  =  wt .  of  (sand  /  residual  asphalt) 

-  wt.  residual  asphalt 

1  335 .1  gm  -  102  gm 

=  324.9  gm 

6.  Volume  of  sand  =  weight  of  sand  in  gm 

specific  gravity  of  sand 

=  324-9  gm 

2 .66  gm/cc 

=  122.1  cc 

7.  Volume  of  voids  =  total  volume  -  volume  of  sand 

=  205*5  cc  -  122.1  cc 
=  83*4  cc 

8.  Volume  of  volatiles  in  voids  initially 

=  total  weight  -  wt .  of  (sand  /  residual 

asphalt) 

=  366.6  gm  -  335*1  gm 
=  31*5  gm 

The  volume  of  water  in  the  voids  is  therefore: 

=  31*5  gm  -  2 .7  gm 
=  28 .8  gm 

As  determined  by  Herrin  the  asphalt  diluent  is  practically  all 

evaporated  in  24  hours  at  110°F  so  that  slight  correction  for  obtaining 

the  volume  of  water  in  the  voids  is  only  necessary  for  calculating  the 

inital  water  content  of  the  voids.  The  volume  of  water  that  the 

immersed  samples  absorbed  was  determined  directly  from: 

Volume  of  water  =  total  weight  of  sample  -  wt .  of  (sand  /  residual 

as  pha It ) 


- 
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TABLE  VI 


Batch 

No. 

Oven 

Dry 

Wt . 
Sand 
gm 

PERCENT 

RESIDUAL 

ASPHALT  IN 

SPECIMENS 

MC  3 
in 

Mix 

f 

Res  idual 
MC  3  in 
Mix 

$ 

Wt . 
Water 

gm 

Wt . 

MC  3 

gm 

Total  Wt . 
Mater ials 
in  Mix 

gm 

Water 

in 

Mix 

* 

1 

13,552 

2032 

682 

l6,266 

12.5 

4.19 

3.31 

2 

15,820 

2351 

640 

18,814 

12  .5 

3.40 

2  .69 

3 

tl 

2057 

632 

18,509 

11.1 

3.41 

2.69 

4 

ft 

1719 

632 

18,201 

9.61 

3.17 

2.74 

5 

ft 

1424 

628 

17,872 

7.98 

3.52 

2.78 

6 

ft 

1563 

320 

17,723 

8.93 

1.81 

1.43 

7 

If 

1899 

314 

16,033 

10.5 

1.74 

1.38 

8 

If 

2210 

316 

18,346 

12.0 

1.72 

1.36 

9 

tl 

2532 

318 

18,670 

13.6 

1.70 

1.34 

10 

9,027 

451 

182 

9,660 

4.67 

1.88 

1.49 

11 

tr 

452 

99 

9,578 

4.72 

1.04 

.822 

12 

6,770 

678 

58 

7,506 

9-04 

•  773 

.611 

13 

It 

1016 

73 

7,859 

12  .9 

•936 

.740 

14 

tt 

1219 

73 

8,062 

15-1 

.912 

.720 

15 

11,284 

1805 

226 

13,315 

13  *6 

1.69 

1-34 

16 

t! 

2031 

103 

13,118 

15.1 

.770 

.608 

17 

ft 

1693 

448 

13,135 

12  .6 

3-31 

2.64 

- 

VOIDS  IN  THE  MINERAL  AGGREGATE 
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APPENDIX  D 


RATES  OF  WATER  ABSORPTION 


Curves  showing  rates  of  water  absorption  by  the  various 
mixtures  based  on  the  percent  of  voids  in  the  aggregate  filled 
with  water . 


ure  29  Figure  30 
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